
Create a 21st Century Electric System

An HVDC “superhighway for electrons”

“The US could solve the two greatest problems it faces with an underground HVDC network.”
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“The study described here 
was accomplished while I 
was at NOAA.”



Spire Cubesat Integration

Spire Cubesat in space.

Spire Plan:
• 100,000 Radio Occultations

per day
• Each measures “Total 

Electron Content”
• ~ 1 per each degree lat & lon

every 12hours

Spire Global, Inc.
(my new employer)



The two greatest 
problems the US faces:

• The threat of human 
induced climate 
change.

• The threat of massive 
homeland destruction 
from Electromagnetic 
Pulse or solar 
ejections.
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US Average Capacity Factor from 3 km Weather Assimilation Model - 2013

Purple > 50%                          Red> 40%                     Deep blue < 10 %
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Wind Speed Video

m/s
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HVDC Transmission Parameterization
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National Energy System Designer
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Subject to:

ALL OTHER EQUATIONS CONSTRAIN THE MAGNITUDE OF ANY OF THE TERMS

For details of the NEWS optimization see Clack et al., IJEPES 2015.
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Cost optimized US Electric Power System for 2030
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System Realtime Simulation
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10.04¢
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My proposal:  Build an underground HVDC network by 2030.

Make it the backbone of a multi-point protected US electric system.

This proposal is 
not part of 
Spire.  It was 
developed while 
I was a NOAA 
Retiree.



The view from 500 km over Kansas City:

• Direct threat of an Electromagnetic Pulse 
(EMP) to the entire 48 states. 

• Today:  Rogue states with missiles and 
specially designed EMP nuclear weapons.

• Tomorrow (2030s and beyond):  Terrorists and 
small states with a grudge and a balloon.

• And mother nature could deliver a Carrington 
Event or worse.



• The technology needed is already commercially available.
• The design of the network would include protecting it from 

EMP, and building robust components of national AC 
distribution system.



“The first duty of government is to 
afford protection of its citizens.”

Current policies 
lead to CO2 
levels last seen 
when 
Greenland and 
Antarctica were 
ice free. US civilian infrastructure is 

essentially unprotected from 
EMP and large solar events.



For any questions, please contact 
Alexander “Sandy” MacDonald

alexander.macdonald@spire.com
Boulder, Colorado 

QUESTIONS?

mailto:alexander.macdonald@spire.com

